Abstract-Appropriately substituted benzylamine (BZA) derivatives, fragmented derivatives of tetrahydroisoquinolines, were found to be directly acting adrenergic ,3-stimulants, exhibiting tracheal relaxing, positive chronotropic and free fatty acid (FFA) releasing activities. The chemical structures essential for manifestation of the ,;-action were i) 3,4-dihydroxybenzylamine, ii) arylmethyl group at position (t, iii) lower alkyl group on the N atom. The structure activity relationships of BZA-derivatives were almost similar to, but partly different from those of tetrahydroisoquinoline and catecholamine-derivatives.
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The tracheal relaxing, positive chronotropic and FFA releasing actions of ar-(3,4,5-trimethoxybenzyl)-N-methyl-3,4-dihydroxybenzylamine, the most active compound in the BZA-derivatives tested, were approximately one hundred, thirty and fifty times less active than those of ISO, respectively. These results indicate that this compound is -,-selective, while trimetoquinol is ,32-selective. It is reasonable to consider that a certain series of compounds which possess a nitrogen atom and a catechol group in the same relationship as TMQ would exhibit to some extent the same p3-mimetic action. Thus, in order to develop selective and/or potent ;3-adrenergic stimulants, compounds shown in Fig. I they were not so potent as phenethylamine derivatives such as isoproterenol (ISO).
In the present work, we investigated the relationships between the structure of BZA derivatives and their adrenergic ~-stimulating action as well as their adrenergic actions.
MATERIALS AND METHODS

Animals
Guinea pigs of either sex, weighing 250 to 400 g, were stunned and bled from the femo ral artery. The whole length of the trachea and the heart were excised and prepared for experiment as described herein.
Non-fasted female Sprague-Dawley rats, weighing 160 to 250 g, were decapitated and periovarian fat tissues were isolated.
Isolated tracheal chairs of guinea pigs
The isolated tracheal chain was prepared by the method described in a previous paper (4) . Responses of the preparation were recorded on a kymograph by means of an isotonic lever. The preparation was mounted in a 20 ml jacketed organ bath containing Tyrode's solution maintained at 36.0.5°C through which air was bubbled and allowed to equilibrate for three hr prior to addition of any drug. Cumulative dose-response curves of the test com pounds obtained by increasing the concentrations by a factor of 10 were studied after con traction with histamine 2HCI (HA; I 10-5 g,/ml). ISO (1 10-s M) was added to obtain the maximum relaxation response at the end of each experiment.
Potencies of the com pounds tested were expressed as negative log molar concentration which produced 50;x, relaxation, pD2.
The composition of Tyrode's solution was as follows (mM): NaCI 136.9, KC1 2.7, CaCl., 1.8, MgC12 1.1, NaHCO:j 11.9, NaH2PO4 0.42, glucose 5.6.
Isolated right atrial preparations of gta nea pigs
The right atrium was isolated from guinea pig and placed in a muscle bath containing modified Tyrode's solution maintained at 30"C and bubbled with oxygen. Lff~~cts of substitutions in the henzenc ring and the ;'y atom on the tracheal relaxing actii'itr' Relationship between tracheal relaxing activity and position and number of the phenolic hydroxyl group and also substitution on the N atom were investigated.
Results are summarized in Table 1 . Only 3,4-dihydroxy analoges (I-IV) were found Fiu. 2. Dose-response curves for tracheal relaxing actions of N-substituted-<t-(3,4,5 trimethoxvbenryl)-3,4-dihydroxybenzylamines.
Chemical structures are shoWn in Table I . Each point represents the mean of more than 6 experiments S.E.M.
TAFILI I. Effects of substitutions %Nith hydroxyl groups at 3,4 and or 5 and at the N atom with alkyl groups on the tracheal relaxing activity Each value represents the mean of more than 6 experiments-S.E.M. With the tracheal muscle preparations obtained from reserpinized guinea pigs in which tyramine did not exhibit any relaxing effect, compd. II exhibited almost the same activity as seen with the normal preparations.
Effects of substitution at a-position on the tracheal relaxing activity
As shown in Table 2 , by replacement of 3,4,5-trimethoxybenzene with some other aromatic moiety, the tracheal relaxing activity was decreased significantly. Y. IIi I'V11"A ET AL. Each value represents the mean of 6 to 8 experiments S.F .M.
amines (XVIII, XIX), isomers of (t-(3,4,5-tiiirlethoxybenzyl)-3,4-dihydrozybenzylamines (l, II), were examined.
Regardless of substituents on the N atom, BZA-derivatives (I, 11) were not less active than corresponding phenethylamine derivatives (XVIII, XIX) ( Table 3) .
Introduction of methyl group to the N atom of the phenethylamine derivatives increased the activity by about I log unit, while the same modification in the BZA-derivatives increased the activity by about 2 log units. The tracheal relaxing activities of the phenethylamines were partially anatagonized by PR.
Substitution of the NH nvith an OH group
The compound XX which possesses OH group instead of the NH showed weak tracheal Substitutions of the methyl on the N atom of compd. 11 with an alkyl group resulted in decrease in the FFA-releasing activity in the same order as the tracheal relaxing activity, i.e., ethyl >isopropyl>H. Intrinsic activities also changed in the same decreasing order.
The lipolytic action of the monohydroxy derivatives (V-XI) listed in Table I The tracheal muscle preparations obtained from both normal and reserpinized guinea pigs were equally relaxed by BZA-derivatives. Propranolol (PR) competitively antagonized these tracheal relaxing effects and pA., values were almost equal to those against TMQ and ISO. Based on these results, it can be concluded that BZA-derivatives can be classified as directly acting (9) adrenergic 3-stimulants such as are TMQ and ISO (7, 8) . Thus, the structure-activity relationship of BZA-derivatives was compared with those of tetrahydro isoquinoline (THI) and catecholamine (CA)-derivatives.
Based on the results that, as tracheal relaxants, 1-(3,4-dihydroxyphenyl)-2-(3,4,5 trimethoxyphenyl)-ethylamines (1, II) were no less active than their isomers, i.e., 1-(3,4,5 trimethoxyphenyl)-2-(3,4-dihydroxyphenyl)-ethylamines (XVIII, XIX) (Table 3) , and a arylmethyl-N-methyl-3,4-dihydroxybenzylamines (II, XV, XVI) were more active than a, N-dimethyl-3,4-dihydroxybenzylamine (XVII) ( Table 2) , it may be concluded that a arylmethyl-3,4-dihydroxybenzylamine moiety would be the essential structure for mani festation of the ;3-mimetic action.
As well as relationships between 3-actions and structures of TH I (I)-, and CA (10, 1 I ) series, elimination of either 3 or 4 hydroxyl group or masking of these hydroxyl groups with methyl groups remarkably reduced the tracheal relaxing action. The same relationships were reported in similar fragmented derivatives of THI by Miller et al. (12) . In BZA derivatives, N-methyl-3,5-dihydroxy analoges exhibited the ~~-action, although it was weaker than corresponding 3,4-dihydroxy analoges. A similar relationship was reported between orciprenaline (13), (3,5-dihydroxy analog) and ISO, (3,4-dihydroxy one).
With regard to substituents on the N atom, the order of tracheal relaxing activity observed in this series was CH, . -C,,H;'~C3H7-i;_H. Interestingly, this order of activity was almost similar to, but slightly different from that observed in CA-derivatives, i.e., C3H;-i >CH3---C9HS--->H.
It seems contradictory that in the BZA-series, introduction of an isopropyl group to the N atom would result in a decrease in the tracheal relaxing activity, while in the CA series, the same substitution caused an increase in the activity. However, these results may indicate that steric hindrance was produced by the substitution of a methyl with an ethyl or an isopropyl group on the N atom and that because of this steric hindrance, the catechol, In addition to TMQ and its congeners, BZA-derivatives, exhibited adrenergic a-mimetic actions without an alcoholic hydroxyl group, which would correspond to the 13-hydroxyl group of CA-derivatives and play an important role in formation of the drug-receptor complex (10, 11). Brittain et al. (14) suggested that the NH group in TMQ might play the role of the ~3-hydroxyl group in CA and recently Nishikawa et al. (15) supported this hypo thesis based on the fact that some aminotetralols exhibited adrenergic ,3-actions. As shown in a previous paper (1), the nitrogen atom of TMQ and its congeners should possess a hydro gen in order to manifest the E3-action. If the N atom of TMQ was replaced with an 0 atom, the important hydrogen was also lost. Therefore, it could hardly be concluded that the sub stitution of 0 for N or the loss of the H atom was responsible for changes in the activity, if any. Thus, the NH group of a BZA-derivative was replaced by the OH group. Compound XX, free of NH group, elicited the positive chronotropic action on the isolated guinea pig atrium at a concentration higher than 3 x 10 M and the action was antagonized by PR.
However, on the isolated tracheal muscle preparation, it exhibited a non-specific muscle relaxing effect, although a contribution of the i3-action to the relaxation could not be ruled It is also of interest that the intrinsic activities of compd. II for positive chronotropic and FFA-releasing actions were greater than those of ISO. As no compound in the category of directly acting adrenergic 13-stimulant has been reported to have a greater intrinsic activity than ISO, compd. II may be useful for investigation of the adrenergic ,~-receptor system.
